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Abstract 
A 23-full factorial design and response surface methodology were deployed to assess some basic factors (time, % 
ethanol and pH) affecting profoundly the extractability of polyphenolic phytochemicals from grape (V. vinifera) 
stems and seeds. In an effort to obtain a thorough insight into the applicability of the models established, stem and 
seeds extracts from three different varieties were tested, by determining several indices of the polyphenolic 
composition, such as total polyphenol (TP), total flavanol (TFl), total flavone (TFn) and proanthocyanidin (PC) 
concentration. It was shown that the models generated can adequately predict the recovery levels for each polyphenol 
group, but the optimal conditions predicted for TP, TFl, TFn and PC recovery varied significantly. Notable 
differences were seen not only among the different varieties but also between the different matrix. Correlation of the 
polyphenol indices with the antiradical activity and reducing power of the extracts indicated that the PC fraction 
might exert strong effects, while the influence of other groups was not apparent. Examination of the optimally 
obtained extracts using liquid chromatography-mass spectrometry revealed that the most prominent compounds were 
caftaric acid, flavanols and derivatives thereof, as well as dehydroflavonols and flavonols. 
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1. Introduction 
Industrial wine production is accompanied by the generation of large quantities of waste streams, 
including inorganic material (e.g. bentonite clay) and by-products composed of bio-organic substances 
(skins, seeds and stems). Owed to rapidly expanding global demand on manufacturing processes and final 
products exerting minimal or no environmental risks, the wine industry has begun to accept legislative 
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pressure to become more efficient. Thus the increasing demand for environmentally compatible 
production, coupled with rising operational and waste treatment cost, has started to move wine industry 
towards adoption of integrated waste preventive approaches. 
In Europe, it is estimated that 14.5 million tonnes of grape by-products are produced, on an annual 
basis, deriving from the winemaking industry [Pinelo et al., 2006]. This waste material has been a subject 
of a significant research over the last few years, given the high content in polyphenolic phytochemicals, 
which a wide spectrum of bioactivities has been attributed to [Pezzuto, 2008]. The investigations carried 
out on the efficient retrieval of polyphenols from winery wastes have mainly been focused on red 
pomace, which is characterised by relatively high burden in phenolics and pigments.  
Grape stems, which represent a fraction of the total grape waste generated during the vinification 
process, is a tissue that has been given relatively little attention, in spite of recent reports on its 
polyphenolic composition that appears to incorporate substances not encountered in other by-products, 
e.g. flavonols and stilbenes, in addition to monomeric and oligomeric flavanols [Makris et al., 2008]. 
Furthermore, the polyphenolic content of stems was shown to be approximately 5.8% on a dry weight 
basis [Makris et al., 2008], and therefore stems may be a source of bioactive phenolics that should not be 
overlooked.   
Ethanol is a bio-solvent, which is food compatible, reusable and cheap and it has become the solvent 
of preference for quite a few recent studies pertaining to the recovery of phenolics from various plant 
tissues. In the case of winery wastes, there is a scarcity of data concerning the use of ethanol-based 
solvents for extracting phenolic phytochemicals. This being the conceptual basis, the study presented 
herein provided some novel aspects pertaining to polyphenol retrieval from grape stems, using factorial 
design and response surface methodology.    
2. Materials & Methods 
2.1 Chemicals 
All solvents used for chromatographic purposes were HPLC grade. Absolute ethanol was of analytical 
grade. Folin-Ciocalteu phenol reagent and ascorbic acid were from Fluka (Steinheim, Germany). Gallic 
acid, catechin, rutin (quercetin 3-O-rutinoside), 2,4,6-tripyridyl-s-triazine (TPTZ), p-(dimethylamino)-
cinnamaldehyde (DMACA), trolox® and 2,2´-diphenyl-picrylhydrazyl (DPPHx) stable radical were from 
Sigma Chemical Co (St. Louis, MO, U.S.A.). Citric acid was from Merck (Darmstad, Germany).  
2.2 Vinification wastes 
Stems and seeds from three widely cultivated wine grape varieties were chosen; one white (Savatiano), 
one red used for white wine production (Moschofilero) and one red used for red wine production 
(Agiorgitiko). All samples used were obtained from wineries within the prefecture of Attica (central 
Greece), located in the region of Megara. Stems were collected immediately after destemming of grapes, 
transferred within a few hours in the laboratory and stored at – 40 qC.  
2.3 Extraction procedure 
A similar procedure of that described previously was used [Mylonaki et al. 2008]. Briefly, stems were 
lyophilised, ground to a fine powder using a domestic blender and chlorophyll was removed with 
sequential extractions with dichloromethane. An amount of approximately 0.5 g of chlorophyll-free 
material was placed in a 30-mL glass vial with 10 mL of solvent, composed of varying amounts of 
aqueous ethanol. All solvent systems used contained citric acid (1 g L-1) and were adjusted to the desired 
pH using 1N NaOH. Extractions were carried out under magnetic stirring at 400 rpm, at room 
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temperature (22r2 qC) for predetermined time periods. Upon completion of extraction, the extracts were 
filtered through paper filter, and stored at – 20 qC until analysed. All extracts were also filtered through 
0.45-μm syringe filters prior to determinations.   
2.4 Experimental design 
A 23 full-factorial experimental design was used to identify the relationship existing between the 
response functions and process variables as well as to determine those conditions that optimised the 
extraction process. The response factors considered were four characteristic indices pertaining to the 
polyphenolic composition, namely total polyphenols (TP), total flavanols (TFl), total flavones (TFn) and 
proanthocyanidins (PC). The three independent variables or factors studied were ethanol concentration 
[X1, varying between 40 and 60 % (v/v)], pH (X2, varying between 2 and 6) and extraction time (X3, 
varying between 1 and 5 hours). Each variable to be optimised was coded at three levels, -1, 0 and 1.  
The three independent variables were coded according to the following equation: 
i
i
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x
'
 0 , xi = 1, 2, 3             (1) 
where xi and Xi are the dimensionless and the actual value of the independent variable i, X0 the actual 
value of the independent variable i at the central point, and ǻXi the step change of Xi corresponding to a 
unit variation of the dimensionless value. Responses (polyphenol indices) at each design point were 
recorded (Tables 2-5). Data from the central composite experimental design were subjected to regression 
analysis using least square regression methodology to obtain the parameters of the mathematical models. 
The Student’s t-test permitted checking of the statistical significance of the regression coefficients 
deriving from the model. Analysis of variance (ANOVA) was applied to evaluate the statistical 
significance of the model. Response surface plots were obtained using the fitted model, by keeping the 
independent variables simultaneous.  
2.5 Determinations 
Total polyphenols (TP): Measurements were carried out according to the Folin-Ciocalteu 
methodology. Gallic acid was used as the reference standard, and results were expressed as mg gallic acid 
equivalents (GAE) per 100 g of dry weight. 
Total flavanols (TFl): Flavanols were determined after derivatisation with p-(dimethylamino)-
cinnamaldehyde (DMACA), using an optimised methodology [Nigel and Glories, 1991], as modified by 
Makris et al., (2008). Results were expressed as mg catechin equivalents (CTE) per 100 g dry weight. 
Total flavones (TFn): A previously established protocol was used [Cvek et al., 2007], with 
modifications. An aliquot of 0.05 mL AlCl3 (2% in 5% acetic acid in MeOH) was mixed with 0.5 mL 
sample and 0.5 mL 5% acetic acid in MeOH. The mixture was left for 30 min at room temperature and 
the absorbance was measured at 415 nm. Quantification was carried out using rutin (quercetin 3-O-
rutinoside) as the calibrating standard. Results were reported as mg rutin equivalents (RtE) per 100 g dry 
weight.  
Proanthocyanidins (PC): The method described by Waterman & Mole, 1994, as modified by Makris 
et al., (2008), was used. Results were expressed as cyanidin equivalents (CyE) per 100 g dry weight using 
as İ = 26900 and MW = 449.2. 
Antiradical activity (AAR): Determinations were performed as described previously [Arnous et al., 
2002], using the DPPHx assay. All samples were diluted 1:20 immediately before the analysis. Results 
were expressed as trolox equivalents (mM TRE) per g of dry weight. 
Reducing power (PR): A protocol described elsewhere [Makris et al., 2007a, b] was used. PR was 
determined as mM ascorbic acid equivalents (mM AAE) per g dry weight. 
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HPLC-DAD Analysis 
The equipment utilized was an HP 1090, series II liquid chromatograph, coupled with an HP 1090 
diode array detector and controlled by Agilent ChemStation software. The column was a Phenomenex 
Synergi Hydro RP18, 4 ȝm, 250 × 4.6 mm, protected by a guard column packed with the same material. 
Both columns were maintained at 40 oC. Eluent (A) and eluent (B) were 0.05% aqueous trifluoroacetic 
acid (TFA) and MeCN containing 0.05% TFA, respectively. The flow rate was 1 mL min-1, and the 
elution programme used was a linear gradient as follows: 5 min., 5% B; 65 min., 50% B. Monitoring of 
the eluate was performed at 275, 290, 320, and 360 nm. 
 Liquid chromatography-mass spectrometry 
A Finnigan MAT Spectra System P4000 pump was used coupled with a UV6000LP diode array 
detector and a Finnigan AQA mass spectrometer. Analyses were carried out on a Superspher RP-18, 125 
u 2 mm, 4 μm, column (Macherey-Nagel, Germany), protected by a guard column packed with the same 
material, and maintained at 40 ºC. Analyses were carried out employing electrospray ionization (ESI) at 
the positive ion mode, with acquisition set at 12 and 70 eV, capillary voltage 3.5 kV, source voltage 4 kV, 
detector voltage 650 V and probe temperature 400 qC. Eluent (A) and eluent (B) were 2.5% acetic acid 
and methanol, respectively. The flow rate was 0.33 mL min-1, and the elution programme used was as 
follows: 0-5 min, 0% B; 5-30, 100% B; 30-35, 100% B.    
Statistical analyses 
All determinations were carried out at least in triplicate and values were averaged and given along the 
standard deviation (r S. D.). Linear regression analyses were performed on a 95% significance level. For 
all statistics, JMP™ 5.1 and Microsoft Excel™ 2000 were used.  
3. Results & Discussion 
The experimental screening performed was designed to assess the influence of three factors, that is, the 
ethanol concentration, the pH and the extraction time. The experimental values and coded levels of the 
three independent process variables used for the 23-full factorial, central composite, experimental design 
implemented. Values of the independent process variables (X1, X2 and X3) considered, as well as 
measured and predicted values for all responses (TP, TFl and PC).  
The experimental values of all indices were analysed by multiple regression to fit the second-order 
polynomial equations shown in Table 1 (concerning grape seeds) and Table 2 (concerning grape stems) 
and the quality of fit was ascertained using the coefficients of determination (R2). The experimental data 
obtained showed a good fit with the equations, which were statistically acceptable at 95% significance 
level (p < 0.05), with the exception of TFl for Savatiano seeds and TP for Savatiano stems. This fact 
indicated a satisfactory agreement between observed and predicted responses and that the equations found 
can adequately predict the experimental results. The utilisation of the predictive models enabled the 
theoretical calculation of the optimal sets of conditions, under which maximal values could be attained.  
The trends revealed in each case were recorded in the form of three-dimensional plots (Figs. 1-2), 
where on the left is illustrated the effect of simultaneous variation of pH and EtOH, and on the right the 
effect of simultaneous variation of time and EtOH.  
The trends recorded in each case, as well as the discrepancies revealed regarding the optimum EtOH 
level, suggested that optimisation of polyphenol recovery from  tissues with different polyphenolic 
composition should be based on case experimentation, and that there is not a universal model describing 
the optimal conditions that should be deployed. In this respect, this study was focused on particular 
Vinification by-products, derived from different varieties, and the investigations were based on several 
polyphenolic indices and not only total polyphenols, with the view of performing a multilateral 
assessment of the extraction efficiency. 
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Table 1: Polynomial equations and statistical parameters describing the effect of the independent variables considered on the 
recovery of various polyphenol classes, calculated after implementation of a 23-full factorial, central composite experimental design. 
Response variables 2nd order polynomial equations R2 p
Moschofilero    
TP  
(mg GAE/100 g dw) 
12777 – 406X1 – 880X2 – 335X3 + 474X1X2 – 424X1X3 – 111X2X3 + 364X12 – 
2003X22 + 559X32 
0.90 0.0179 
TFl  
(mg CTE/100 g dw) 
5112 + 96X1 – 383X2 – 420X3 + 279X1X2 – 180X1X3 – 352X2X3 – 263X12 – 111X22 
+ 228X32 
0.90 0.0207 
PC  
(mg CyE/100 g dw) 
553.9 + 20.6X1 – 55.2X2 – 37.4X3 + 33.9X1X2 – 1.1X1X3 – 25.5X2X3  - 20.2X12 – 
29.2X22 + 11.8X32 
0.94 0.0046 
Savatiano    
TP  
(mg GAE/100 g dw) 
8875 – 1107X1 + 180X2 – 852X3 + 56X1X2 – 424X1X3 – 886X2X3 + 517X12 – 
2175X22 + 2838X32 
0.94 0.0133 
TFl  
(mg CTE/100 g dw) 
2949 + 59X1 – 61X2 – 294X3 – 174X1X2 + 186X1X3 + 162X2X3 + 349X12 + 112X22 
+ 161X32 
0.75 0.2057 
PC  
(mg CyE/100 g dw) 
259.4 + 7.8X1 – 21.5X2 – 13.9X3 + 4.9X1X2 + 4.4X1X3 + 20.4X2X3  + 28.0X12 – 
22.3X22 + 19.8X32 
0.89 0.0269 
Agiorgitiko    
TP  
(mg GAE/100 g dw) 
8231 + 966X1 – 42X2 – 661X3 – 93X1X2 + 923X1X3 + 513X2X3 – 252X12 – 622X22 
+ 269X32 
0.92 0.0128 
TFl  
(mg CTE/100 g dw) 
3606 + 626X1 – 27X2 – 73X3 + 106X1X2 + 144X1X3 + 215X2X3 + 200X12 – 1293X22 
+ 169X32 
0.91 0.0324 
PC  
(mg CyE/100 g dw) 
245.9 + 25X1 – 37.4X2 – 12.7X3 + 6.5X1X2 + 9.1X1X3 + 11.5X2X3  + 9.5X12 – 
13.5X22 – 9.6X32 
0.90 0.0206 
 
A
B
C
         
A
B
C
 
Fig. 1. Response-surface plot showing the effect of EtOH / pH (left) and EtOH / time (right) co-variance on the total polyphenol 
(TP) yield. A, Moschofilero; B, Savatiano; C, Agiorgitiko stems (left) and seeds (right) 
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Table 2: Polynomial equations and statistical parameters describing the effect of the independent variables considered on the 
recovery of various polyphenol classes, calculated after implementation of a 23-full factorial, central composite experimental design. 
Response variables 2nd order polynomial equations R2 p
Moschofilero    
TP  
(mg GAE/100 g dw) 
10317 – 237X1 – 392X2 – 218X3 + 325X1X2 + 546X1X3 + 815X2X3 – 1276X12 – 
797X22 + 2029X32 
0.91 0.0369 
TFl  
(mg CTE/100 g dw) 
3397 + 285X1 – 150X2 + 58X3 + 42X1X2 + 141X1X3 + 23X2X3 + 196X12 – 117X22 – 
351X32 
0.90 0.0421 
TFn  
(mg RtE/100 g dw) 
420.8 – 84.3X1 + 75.8X2 + 64.5X3 – 29.6X1X2 – 13.0X1X3 + 37.5X2X3 – 7.4X12 – 
89.5X22 + 42.9X32 
0.94 0.0057 
PC  
(mg CyE/100 g dw) 
226.3 + 7.4X1 – 26.5X2 + 9.6X3 + 18.6X1X2 – 1.6X1X3 + 4.8X2X3 – 11.2X12 – 
10.1X22 + 5.0X32 
0.86 0.0467 
Savatiano    
TP  
(mg GAE/100 g dw) 
7588 + 182X1 – 55X2 + 228X3 – 221X1X2 + 137X1X3 + 327X2X3 – 554X12 + 
1152X22 – 1639X32 
0.88 0.0693 
TFl  
(mg CTE/100 g dw) 
1702 + 107X1 – 290X2 – 23X3 – 127X1X2 – 33X1X3 + 37X2X3 + 225X12 + 325X22 – 
32X32 
0.97 0.0006 
TFn  
(mg RtE/100 g dw) 
276.5 – 63.7X1 + 67.9X2 + 43X3 – 52.5X1X2 – 19.7X1X3 + 23.9X2X3 + 33.1X12 – 
62.8X22 – 14.6X32 
0.98 0.0002 
PC  
(mg CyE/100 g dw) 
172.8 + 14.9X1 – 12.7X2 + 4.7X3 – 5.4X1X2 – 4.8X1X3 + 1.6X2X3 – 24.7X12 + 
19.3X22 + 1.2X32 
0.88 0.0370 
Agiorgitiko    
TP  
(mg GAE/100 g dw) 
9755 + 309X1 – 286X2 + 613X3 + 202X1X2 + 12.8X1X3 + 152X2X3 – 757X12 – 
683X22 + 1459X32 
0.91 0.0356 
TFn  
(mg RtE/100 g dw) 
3957 + 2X1 – 47X2 – 40X3 – 27X1X2 + 108X1X3 – 115X2X3 + 21X12 + 20X22 – 
338X32 
0.90 0.0417 
TFl  
(mg CTE/100 g dw) 
505.9 – 28.3X1 + 38.8X2 + 20.3X3 – 21.9X1X2 + 38.2X1X3 + 2.1X2X3 + 14.4X12 – 
111X22 + 22.7X32 
0.90 0.0179 
PC  
(mg CyE/100 g dw) 
266.8 + 8.0X1 – 23.3X2 + 4.3X3 + 1.1X1X2 + 8.3X1X3 – 6.7X2X3 – 32.6X12 + 9.9X22 
+ 25.8X32 
0.92 0.0305 
This set of examinations highlighted for the first time that the specific groups of polyphenols and their 
relevant proportion in plant tissues might be crucial in defining the extraction conditions. From the 
optimisation process it became evident that the extraction of flavanols requires an EtOH level of 60%, as 
opposed to flavones, which can be efficiently recovered with 40% EtOH. For proanthocyanidins (PC), 
which represent flavanol oligomers and polymers, intermediate EtOH concentrations ranging from 44.2 to 
53.1 were the most satisfactory in this regard. Another significant difference was seen in the pH. While 
flavanol extractions gave higher yields at pH 2-3, flavones were better extracted at pH 4.5-6. The results 
for PC were absolutely consistent, indicating a pH 2 as the optimal. Such a consistency for PC was also 
observed for the duration of the extraction, where for all samples the time required for optimal yields was 
5 hours. On the other hand, optimal extraction times for TFl and TFn were 1-3.5 and 1-5 hours, 
respectively, indicating that in general extraction of higher TFn amounts required extended extraction 
duration, compared with TFl. 
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These results can be different concerning an other matrix such as grape seeds which were obtained 
after a typical red vinification process. Indeed, extraction of TP from Agiorgitiko seeds required higher 
EtOH levels compared with the Moschofilero and Savatiano counterparts, suggesting that this tissue 
contained less polar substances. Further, it has been supported that increasing pH values might enhance 
polyphenol solubility by promoting dissociation of the most acidic phenolic –OH groups, which would 
render polyphenols higher solubility in a hydroalcoholic medium. Such a hypothesis would explain why 
TP and TFl optimal extraction from Agiorgitiko seeds required higher pH. The time necessary to attain 
optimum levels was, on average, shorter for PC (1.14 h) and almost the double for TFl (2.33 h). 
 
Polyphenolic composition and antioxidant properties 
The polyphenolic profile of grapes stems is rather largely uncharacterised, as opposed to grape skins 
and seeds, for which considerable effort has been expended on the study of their composition. 
Careful interpretation of the data given for stems, shows that in Moschofilero and Savatiano extracts, 
the only statistically significant correlations were those established between PC concentration and PR, 
while for Agiorgitiko significant link was found between PC and AAR. For Moschofilero, the correlation 
of TP was also significant but low. This observation dictates that the PC fraction is likely to govern the 
antioxidant characteristics of the extracts.  
The correlations established for grape seeds suggested that in Moschofilero extracts, which contained 
higher amounts of TFl and PCs, links were statistically significant with both AAR and PR, but for 
Agiorgitiko this held true only for the correlations of TP, TFl and PCs with AAR; for Savatiano only TP 
and TFl gave high correlations with AAR. This outcome does not display any consistency and might 
indicate that interactions among the various flavanol forms rather define the overall antioxidant potency.  
4. Conclusion 
The examination presented herein demonstrated that the set of conditions employed to optimise 
extraction of phenolics from plant material may vary substantially, even for the same tissue originating 
from different varieties (Karvela et al., 2009).  
Grape stems were shown to contain mainly flavanols and flavonol glycosides, but it appeared that 
flavanol oligomers and or polymers (proanthocyanidins) define the antioxidant magnitude of the extracts 
obtained. The finding that extraction of different polyphenol classes from grape stems requires different 
set of conditions might be of value in selective recovery, for the generation of extracts enriched in 
particular components. Grape seeds were shown to contain mainly flavanols and flavanol dimers, which 
rather define the antioxidant magnitude of the extracts obtained. If seeds originate from red pomace used 
in red wine production, then partial exhaustion of phenolics is to be anticipated. This variation in the 
composition as a result of processing might fundamentally affect the polyphenolic profile and 
consequently the conditions required for effective retrieval. These crucial differences in the conditions 
should be carefully considered when extractions are not directed and recovery of as many phenolics as 
possible is sought. 
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